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6. Huang, Q., Li, F., Liu, X., Li, W., Shi, W., Liu, F.F., O'Sullivan, B., He, Z., Peng, Y., Tan, A.C., et al. (2011 An analysis of Hox genes reveals that the body of the adorably weird tardigrades is essentially a truncated front end. This illustrates that loss and simplification are a hallmark of the evolution of animal body plans. In the last few years, however, they are back with a vengeance (they also seem to have gained a cult following on the wider internet), and the new research is only making these weird animals more wondrous. The latest feat is the finding that the tardigrade body is essentially a 'walking head', as a recent study by Smith and colleagues [3] in Current Biology has found. Tardigrades are everywhere ( Figure 1) . The 1000 or so species, all microscopically small, have colonized aquatic habitats from the Antarctic to the minute droplets of water between leaves of moss. Their success in the often transitory habitats they occupy may be owing to their ability to dry up completely and come back to life. As all life plays out in aqueous solutions, understanding how cellular functions can resume after drying is a question of considerable interest, and one of the centrepieces of the renewed interest in tardigrades.
By the end of last year, the first tardigrade genome came out, that of Hypsibius dujardini [4, 5] . This genome caused a lot of excitement and controversy, the latter subsumed under the unfortunate hashtag #tardigate. The excitement came from the high proportion of sequences of a seemingly bacterial origin that had been recovered. Further bioinformatic analysis suggested that over one-sixth of this tardigrade's genome -more than 6000 genes -had been appropriated from bacteria. Such horizontal gene transfer is by now well known among bacteria and unicellular organisms, and in several instances among animals and plants. But such a proportion was staggering, more than double of what had been found in bdelloid rotifers, the previous animal record holders in genomic mergers. Like tardigrades, rotifers can withstand extreme stresses and desiccation, suggesting that the high proportion of immigrant genes might somehow be linked to this phenomenon -perhaps by making membranes leaky or fragmenting endogenous DNA.
Soon enough, however, a second analysis of the same species' genome cast doubt on this sensational finding and suggested instead a much more banal explanation for the many foreign sequences -contamination of samples with bacteria [6] . The final jury is still out, especially since the second paper hasn't been subjected to classic peer-review yet (by the way, this is also an instructive example of the positive aspects rapid pre-publication can have on science's self-correcting ability). But given the old adage that extraordinary claims require extraordinary evidence, more evidence in favour of the massive horizontal gene transfer will probably have to be mounted to persuade the skeptics.
In their new paper, Smith and colleagues [3] focussed on a set of genes that is uncontroversially tardigradan, the Hox genes. They made the striking observation that H. dujardini, as well as two other tardigrade species they looked at, is missing five (namely: proboscipedia, Sex-combs reduced, Antennapedia, Ultrabithorax and Abdominal-A) of the ten Hox genes that are typically found in related phyla. Hox genes function as molecular address codes that assign body parts their unique identity along the head-to-tail axis. This function, initially discovered in fruit flies, is most impressively evident in crustaceans, where the very diverse appendages on each segment (consider the lobster) reveal segment identity. In the amphipod 'shrimp' Parhyale hawaiiensis, for instance, loss of the Hox gene Abdominal-B leads to the transformation of the small abdominal appendages into fully-fledged legs that are normally confined to more anterior, thoracic segments [7] . Moreover, changes in Hox gene expression also underlie evolutionary transitions in the way the various appendage types are distributed along the bodies of different crustaceans [8] .
What makes Hox genes so fascinating is that they are found in virtually all animals, although the precise point of origin in the animal tree of life is uncertain [9] . This discovery has revolutionized our view of animal evolution, because it hints at a common molecular blueprint behind the vast diversity of animal architectures. In insects and especially vertebrates, the Hox genes are organised into more or less tightly knit genomic clusters, whereby the order in the cluster reflects the genes' spatial (and often temporal) order of expression along the head-to-tail axis. This co-linearity has contributed to the fascination with Hox genes, as it looks so evocative, like an image of the animal's body projected onto its DNA. However, tightly organized Hox clusters might be the exception rather than the rule [10] : in many animals, the Hox genes have other genes interspersed -as appears to be the case in the tardigrade [3] -while in others the clusters are split or completely disintegrated. Likewise, the number of Hox genes can be flexible: basal bilaterian animals are believed to have had around 10 Hox genes, and vertebrates, which in their evolution have experienced multiple genome duplications, have several dozen. At the low end of the spectrum are nematode species that have around five Hox genes, and the acoel flatworms, which only have three [11, 12] -both also microscopic animals, just like the tardigrades.
Beyond mere numbers, the tardigrade Hox reduction becomes more remarkable when the sites of Hox gene expression are considered. Because of their high degree of likeness, it is possible to compare domains of Hox gene expression even between distantly related animals, revealing correspondences between body parts that would be invisible by anatomy alone. In H. dujardini, the remaining Hox genes are expressed in a neat anterior to posterior order, as expected [3] . To make a meaningful comparison of these expression domains, one needs to turn to representatives of phyla related to the tardigrades. Now, as one would expect from oddballs like the Dispatches tardigrades, their exact position on the tree of life has been tricky to pinpoint. Once thought to be relatives of nematodes, newer molecular studies [13] show that they are instead related to the arthropods -the phylum comprising insects, crustaceans, spiders, myriapods and so forth -echoing what morphologists and paleontologists have thought for some time [14] .
When tardigrade Hox expression domains are compared to those of arthropods [3] , two things become apparent: first, the tardigrades' first three leg bearing segments express the same Hox genes as the head and anteriormost trunk of arthropods, suggesting that their body corresponds essentially to the head region of arthropods. This finding fits with previous descriptions of the tardigrade nervous system resembling anterior brain regions of insects [15] . Second, they lack an intermediate body region corresponding to the thorax and abdomen in arthropods, but have the posteriormost segment in place. While it is notoriously tricky to infer evolutionary events from developmental observations, given the tardigrades' overall position on the tree of life, this truncation most likely reflects a loss of segments rather than the vestige of some more primitive ancestor.
Like history, evolutionary biology is driven by the winners. And so it is fair to say that a great deal of the attention tardigrades have received from evolutionary biologists is owing to their relationship with arthropods. Because of their tremendous success, understanding the origins and key innovations of the arthropods has been a pie`ce de re´sistance in animal evolution. So, their relatives are a natural vantage point from which to infer what makes them so special. Compared to the impressive size of the arthropod phylum, its immediate neighbours in the tree are mere twigs: the onychophorans, or velvet worms -a group of around 200 species of stubby-footed dwellers of the undergrowth -and the tiny tardigrades. The exact relationship between these three phyla, sometimes referred to as 'panarthropods', is contentious: molecular analyses see onychophorans as the sister group of arthropods [13] , while morphological considerations, such as the anatomy of the central nervous system and the musculature, place tardigrades closer to the arthropods [16] . If this view stands up to further molecular scrutiny, tardigrades as the arthropods' closest relatives would be an important point of reference to understand the traits that made one phylum so successful and marginalised its relatives.
In that light, the newly found tardigrade truncation might look like bad news, as the analysis of the Hox gene complement underscores that their bodies must have changed quite dramatically since they diverged from a panarthropod ancestor. This change may have very well to do with their miniaturization, which is probably the result of an ecological specialisation for small habitats, such as the interstices of marine sediments or tiny droplets of water on wet moss. What the ancestors of tardigrades might have looked like is unclear, and sadly the few known tardigrade fossils offer no clues. There are no clear intermediates and even the oldest tardigrade fossil, from the Cambrian, already looks entirely like, well, a tardigrade [17] . All living panarthropods most likely evolved from lobopodians, a fairly heterogenous group of worm-like creatures with lobular legs [18] , but which of these, if any, might have been the ancestor of tardigrades is unclear and may be hard to tell given the radical modification of the tardigrade body plan.
But look at it another way: perhaps the very fact that tardigrades managed to stick around in the shadow of the all-domineering arthropods is owing, at least in part, to precisely that simplification of their body plan. One of the great revelations of molecular phylogenetics is that many animal groups, once classed as basal because of their seemingly simple architecture, are found nested within more complex groups [19] . This means that reduction and simplification is a common occurrence and probably a principal mechanism of animal body plan evolution. It also means that the simplistic notion of a progressive increase of complexity that once dominated phylogenetic thought has to be revised. This is corroborated by the fact that, on the genomic level, even the simplest animals appear already fairly complex. (Of course this isn't to say that a complex animal ancestor appeared out of the blue -a notion detractors of evolution would be all too happy to embrace -it just means that we have no way of accessing the intermediates based on the animals living today. Our best bet remains the fossils.)
Simplification has been inferred from phylogeny in various animals groups, but pinpointing the genetic causes of such simplification has been much harder, because so much time has elapsed and we know so little about the genetic pathways that build the bodies of most animals. Often, simplification is due to a switch to a parasitic life-style. The parasitic Myxozoa, for instance, evolved from cnidarians and have had a radical genomic clear-out along with morphological simplification and miniaturization [20] . Unlike in Myxozoa, gene loss in tardigrades -which seem to have never been parasites -appears to be quite specifically affecting the Hox genes. But whether the loss of Hox genes was the cause rather than effect of the dramatic loss of a whole body region is doubtful -where they have been studied, Hox genes control the identity rather than the actual formation of body regions. Nonetheless, cases like the tardigrades, and more comparative genomic approaches in other neglected phyla, may some day provide better clues to the genetic agents of body plan change in deep evolutionary time. And with the manipulative toolkit in place now, who knows if future scientists might not be able to engineer a tardigrade back in time to resemble one of its enigmatic ancestors that erstwhile walked the ocean floors, aeons ago.
The opening stages of speciation remain poorly understood, especially from a genomic perspective. The genomes of newly discovered crater-lake cichlid fish shed light on the early phases of diversification and suggest that selection acts on multiple genomic regions.
Despite decades of research into the topic, evolutionary biologists are still struggling to understand -let alone to predict -how, when, and under which circumstances one biological unit (species) splits into two (or more) such units. While it is well established that ecology, via divergent natural selection, can play a pivotal role in this process [ A new study by Malinsky et al. [5] makes use of an impressive set of more than one hundred whole-genome sequences to examine, from a genomic perspective, the early phases of divergence between two ecomorphs of cichlid fishes that have recently been discovered in a small crater lake in Tanzania. Volcanic crater lakes are fascinating natural laboratories for evolutionary biologists -especially for those with a keen interest in cichlids [5] [6] [7] [8] [9] . These lakes form when volcanic craters -so called 'calderas' or 'maars' -become filled with water, which is often the case in areas of high precipitation in the tropics or subtropics. Owing to their volcanic origin, crater lakes are geologically well datable, they are typically small in size, yet deep, and they lack in-and outflows, which impedes their colonization by aquatic organisms. If colonized, however, e.g. by a cichlid fish population, one can survey adaptation and, in some cases, divergence of that population in a closed setting and within a known time frame.
The investigation of Malinsky et al. [5] is situated in crater lake Massoko, which belongs to a series of maar lakes about 40 km north of Lake Malawi in the area of the East African Rift Valley ( Figure 1A) . Massoko is tiny (only about 700 m in diameter), up to 37 m deep, completely isolated from surrounding water bodies and around 50,000 years old [10] . Nevertheless, it contains two distinct ecomorphs belonging to the widely distributed cichlid genus Astatotilapia. These ecomorphs differ, as shown by Malinsky et al. [5] , in male breeding coloration, mate preference, habitat preference, overall morphology, the
